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Abstract
To ensure food security among rural communities under a changing climate, policymakers need information on the
prevalence and determinants of food insecurity, the role of extreme weather events in exacerbating food insecurity,
and the strategies that farmers use to cope with food insecurity. Using household surveys in Guatemala and
Honduras, we explore the prevalence of food insecurity among smallholder farmers on both a recurrent (seasonal)
and episodic (resulting from extreme weather events) basis, analyze the factors associated with both types of food
insecurity, and document farmer coping strategies. Of the 439 households surveyed, 56% experienced recurrent food
insecurity, 36% experienced episodic food insecurity due to extreme weather events, and 24% experienced both
types. Food insecurity among smallholder farmers was correlated with sociodemographic factors (e.g., age, education,
migration) and asset ownership. The factors affecting food insecurity differed between type and prevalence of food
insecurity. Our results highlight the urgent need for policies and programs to help smallholder farmers improve their
overall food security and resilience to extreme weather shocks. Such policies should focus on enhancing farmer
education levels, securing land tenure, empowering women, promoting generational knowledge exchange, and pro-
viding emergency food support in the lean season or following extreme weather events.
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Introduction
Climate change poses a significant threat to agricultural pro-
duction and food security in developing countries worldwide
(Porter et al. 2014), especially to smallholder farmers who
depend on agriculture for both their food security and liveli-
hoods. Smallholder farmers are particularly vulnerable to cli-
mate change given their reliance on rain-fed agriculture, small
land holdings, high poverty, low education levels, limited ac-
cess to technical assistance, and lack of capital for
implementing adaptation strategies, among other factors
(Morton 2007; Harvey et al. 2018). Changes in temperature,
rainfall patterns, and frequency of extreme weather events are
already causing significant declines in the production of many
staple crops such as maize (Jones and Thornton 2003), beans
(Gourdji et al. 2015), and other crops (Porter and Semenov
2005), as well as key cash crops (e.g., coffee (Bunn et al.
2015)), threatening the food security and livelihoods of small-
holder farmers globally.
Many national governments are developing strategies to
maintain agricultural production and achieve food security
under changing climatic conditions (Godfray et al. 2010;
Vermeulen et al. 2012). These efforts are both in response to
international agreements such as the Paris Climate Agreement
and the United Nations Sustainable Development Goals
(SDGs), which emphasize the importance of ensuring food
security, as well as to national development agendas.
Finding ways to improve the food security of smallholder
farmers is critical for climate change adaptation and develop-
ment goals in many developing countries (Vermeulen et al.
2012), as smallholder farmers are responsible for much of
the agricultural production and are also among the most
food-insecure and poorest populations and thus targets of ef-
forts to end hunger and alleviate poverty.
Tackling food insecurity among smallholder farmers is a
particular challenge in Central America, a region character-
ized by small-scale farming, high rates of poverty and food
insecurity (Baumeister 2010), a rapidly changing climate
(Magrin et al. 2014), and severe and recurrent weather hazards
(Hannah et al. 2017). An estimated 14.8% of the population in
Guatemala and 14.6% in Honduras suffer food insecurity be-
tween 2010 and 2012, making them the fifth and sixth most
food-insecure countries in Latin America (FAO 2015). Food
insecurity is likely among rural populations, which present
poverty rates of 76.1% and 65.0%, in Guatemala and
Honduras, respectively, in contrast with urban poverty rates
of 42.1% and 61.0%, respectively, during 2014 (CEPAL
2013).
Climate change is expected to further exacerbate food in-
security and poverty among vulnerable smallholder farmers in
the region. Central America is projected to become distinctly
drier in the future, due to higher temperatures and more vari-
able precipitation (Imbach et al. 2012, 2015). Impacts from
more frequent and intense droughts, as well as extreme
precipitation events, are also foreseen (IPCC 2012).
These changes in climate are already causing significant
declines in yields and profitability of many staple crops
grown by smallholder farmers, including maize and
beans (Eitzinger et al. 2012; CEPAL, CAC, SICA
2013) and coffee (Bunn et al. 2015; Hannah et al.
2017).
While there is growing recognition of the urgent need
to improve the resiliency of small-scale farming systems
and reduce food insecurity among rural communities in
Central America (WFP 2017), these efforts are currently
hindered by the lack of information on how prevalent
food insecurity is and what strategies are necessary to
improve farmers resiliency to climate change (Donatti
et al. 2017). There is an urgent need to document levels
of food insecurity among smallholder farming commu-
nities in Central America (Bacon et al. 2017), and, even
more importantly, to identify which factors influence
food insecurity, and what determines the choice of cop-
ing strategies used by smallholder farmers in response
to food shortages. Such information could help govern-
ments more effectively target adaptation and food secu-
rity policies and programs to specific smallholder farmer
groups that are in greatest need of support (Ben-Davies
et al. 2013).
Our study aims to help fill the knowledge gap on
food insecuri ty among smallholder farmers by
documenting its prevalence and determinants, examining
the role of extreme weather events in exacerbating food
insecurity, and documenting the coping strategies used
by smallholder farmers in Central America. We focus
our study on smallholder farmers who cultivate maize
and beans for subsistence, representing the key constit-
uents of rural communities across Central America
(Baumeister 2010). We first explore how prevalent food
insecurity is among smallholder farmers, and the extent
to which this food insecurity is a recurrent (seasonal)
event versus an episodic event resulting from extreme
weather events. We use econometric methods to analyze
the factors associated with recurrent food insecurity and
episodic food insecurity following extreme weather
events, and explore whether both types of food insecu-
rity are associated with the same set of factors. We then
zoom in to analyze those households that experience
both types of food insecurity, and hence constitute a
particularly vulnerable subgroup of our sample. Finally,
we examine how farmers cope with episodic food inse-
curity, and whether the coping strategies differ between
types of extreme events.
While our study focuses on determinants of food inse-
curity among smallholder farmers in Central America, the
approach and methodology are relevant to policy makers
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and practitioners across the developing world who are
interested in understanding the factors affecting food se-
curity among smallholder farmers, and the coping strate-
gies farmers use to deal with food insecurity. The identi-
fication of strategies that can help reduce food insecurity
is also widely applicable to other regions where subsis-
tence agriculture is practiced.
Methods
To characterize patterns of both recurrent and episodic food
insecurity among smallholder farmers and examine the factors
affecting insecurity, we collected data on farming households
in four agricultural landscapes in Central America:
Acatenango and Chiquimula in Guatemala, and Choluteca
and Yoro in Honduras. The landscapes were selected on the
basis that they (a) were dominated by smallholder farming
systems, (b) had basic grain production (beans (Phaseolus
vulgaris) and/or maize (Zea mays)) as one of the key land
uses, and (c) were in farming communities with low adaptive
capacity to climate change according to Holland et al. (2017).
Adaptive capacity is defined as the “ability of a system to
adjust to climate change to moderate potential damages, to
take advantage of opportunities, or to cope with the conse-
quences” (IPCC 2007), and is measured by Holland et al.
(2017) as an index that allows the comparison across land-
scapes and farming systems.
The four landscapes are all dominated by smallholder farm-
ing systems and are typical of the agricultural landscapes
across Central America. Table 1 provides a comprehensive
description of the four landscapes, and further details can be
found in Harvey et al. (2017, 2018). The Choluteca landscape
is dominated by smallholder maize and bean farmers, while
the remaining landscapes include a mix of coffee and basic
grain production. The farms are small, with average farm sizes
ranging from 0.9 to 2.1 ha per landscape. Across all four
landscapes, almost all smallholder farmers have reported sig-
nificant changes in climatic conditions over the last decade,
with most indicating that temperatures have risen and rainfall
patterns have become more variable. In all landscapes,
farmers also report having been affected by extreme weather
events during the last decade, though the most harmful ex-
treme weather event experienced differed across land-
scapes. A subset of farmers have made changes in their
management practices in response to the perceived
changes in climate, but the adaptation practices used
(such as planting more trees, or intensifying use of fer-
tilizers) vary among landscapes.
In each landscape, we randomly chose a sample of 78 to
151 smallholder households, for a total of 439 households. In
order to randomly select farmers, we used remote sensing
imagery to detect household roofs in each landscape and then
randomly selected households from this list of potential farms
for household interviews. In each household, we applied a
structured survey to interview the household head about food
insecurity, extreme weather events, and coping strategies, as
well as sociodemographic and farm management characteris-
tics that could be related to food insecurity. The survey design,
content, and implementation process are described in detail in
Alpizar et al. (2019).
In our survey, we asked farmers about the food insecurity
that their households had experienced during the last decade
(2004–2014). Specifically, we explored two different types of
food insecurity: (1) seasonal or “recurrent” food insecurity,
and (2) “episodic” food insecurity following an extreme
weather event. We defined “recurrent food insecurity” as a
situation where a farmer regularly experiences food insecurity
each year, usually on a seasonal basis. We defined “episodic
food insecurity” as the situation where farmers suffered food
shortages as a result of a specific extreme weather event, such
as a drought or extreme rainfall event (e.g., hurricanes,
flooding, or intense rainfall). That allowed us to place house-
holds in four categories: (i) those who had not experienced
any kind of food insecurity in the last decade, (ii) those who
had experienced only recurrent food insecurity, (iii) those who
had faced hunger only as a result of extreme weather events
(“episodic food insecurity”), and (iv) those who had experi-
enced both types of food insecurity and constitute an especial-
ly vulnerable subgroup of the population.
We used self-reported measures of household food security
(similar to Bacon et al. (2017)). To assess recurrent food inse-
curity, we asked farmers whether they had enough food in a
typical year (yes or no) and coded negative answers as recur-
rent food insecurity.We also asked them in whichmonths they
were food insecure. To document episodic food insecurity
following an extreme weather event, we first asked house-
holds whether any extreme weather event had severely affect-
ed them in the last 10 years (2004–2014). We asked about
which of the two main types of extreme weather events
(drought or excessive rainfall events) affected them the most.
We then asked, “did your household experience food short-
ages as a result of the most harmful extremeweather event that
happened during the last decade?”We coded positive answers
as episodic food insecurity. We also asked how many weeks
they were food insecure following the extreme weather event,
and what actions did the household conducted (if any) to cope
with the weather-driven food shortage.
We used two modeling strategies to identify factors related
to food shortages among smallholder farmers. In our first
modeling approach, we estimated two equations, one for the
probability of experiencing recurrent food insecurity
(Prob(V = 1)) and another for the probability of experiencing
episodic food insecurity (Prob(Y = 1)):
Prob Vi ¼ 1ð Þ ¼ G X iβvð Þ ð1Þ
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Prob Y i ¼ 1ð Þ ¼ H X iβy
  ð2Þ
where Vi = 1 when the household i regularly experiences food
shortages, and zero otherwise. This equation explored the de-
terminants of the probability of reporting recurrent food inse-
curity, which is a function of the vector Xi of explanatory
variables. In the second equation, Yi = 1 when the household
i experiences episodic food shortages and zero if the house-
hold did not experience episodic food insecurity. This equa-
tion was used to explore how the probability of experiencing
episodic food insecurity changes as a function of the vector Xi,
i.e., using the same explanatory variables. We did this to test
whether both types of food insecurity are explained by the
same set of factors.
It is very likely that the probability of experiencing recur-
rent food shortages is correlated with that of experiencing
episodic shortages, i.e., families that regularly face food short-
ages are potentially more vulnerable to spells of hunger as a
result of an extreme weather event. To account for this, the
two probability functions above (G(.) and H(.)) were estimat-
ed as a biprobit estimation,1 using the same set of explanatory
variables in both equations, and assuming that the error terms
are normally distributed and may be correlated (see Cameron
and Trivedi (2005) for details). We also performed a Wald test
of correlation of errors (ρ) in the biprobit estimation (with Ho:
ρ = 0) to confirm the correlation between recurrent and epi-
sodic spells of food insecurity, and hence our choice of a
biprobit estimation.
In these two equations, the sign and statistical significance
(i.e., whether or not they are statistically different from zero)
of the vectors of estimated coefficients (βv, βY) captures the
direction and relevance of changes in the explanatory vari-
ables on the probability of facing recurrent food shortages
(Eq. (1)), or of facing episodic food shortages as a result of
extreme events (Eq. (2)).
In our sample, there is a particular subgroup of households
that reported instances of food insecurity both on a recurrent
basis and also as a result of extreme weather events. In order to
acquire a better understand of the factors associated with this
extreme vulnerability to food insecurity, we study the deter-
minants of belonging to that subgroup, as opposed to any
other category (i.e., no food insecurity, only recurrent, or only
episodic food insecurity). We estimate a probit model2 with a
dependent variable (Zi) that takes the value of Zi = 1 if the
household i experienced both types of food insecurity, and 0
otherwise. The probit model estimates a vector of parameters
βz for the explanatory variables Xi, as follows:
Prob Zi ¼ 1ð Þ ¼ F X iβzð Þ ð3Þ
The estimated coefficients (βz) capture the effect of chang-
es in the explanatory variables on the probability that a house-
hold experiences both types of food insecurity: a positive and
significant coefficient means that an increase in the respective
variable increases the probability of belonging to that partic-
ularly vulnerable group. All analyses were run in STATA-13.
Further details about the estimation methods can be found in
Cameron and Trivedi (2005).
We selected the explanatory variables (Xi) on the best avail-
able knowledge, our a priori expert knowledge and factors
considered in similar studies of food insecurity. We used a
set of 18 factors which could potentially be related to food
insecurity, comprising sociodemographic characteristics of
the households, ownership of assets, and access to markets,
technical assistance, and social capital (Table 2). Our methods
and selection of sociodemographic factors were based on sim-
ilar studies of food insecurity from other developing regions
(e.g., Muche et al. 2014; Douxchamps et al. 2015; Kakota
et al. 2015).
Most of the sociodemographic variables are self-explana-
tory. With respect to education, we differentiated between
general basic education and technical education associated
with farming skills (equal to 1 if at least one member of the
household had technical education). We included a variable
for household remittances (equal to 1 if the household report-
ed that remittances were an important, or the main source of
income for the household). Ownership of assets, including
livestock and vehicles (cars or motorcycles), was used as a
measure of the household wealth. We also included three var-
iables to describe land ownership: (i) the total area farmed by
the household, (ii) a measure of land tenure security (equal to
1 if all the land was owned by the household, and zero if part
of it was rented), and (iii) a measure of dispersion of the land
farmed, that captures whether the farmer is forced to cultivate
small and dispersed (non-adjacent) microplots. The microplot
indicator takes a value of zero if the household produces in at
least one single plot of more than 2 ha. For households work-
ing in plots of less than 2 ha, the variable takes the value of the
number of small, non-adjacent plots. In this way, the variable
increases as the number of small, non-adjacent plots increases.
We included this variable because farmers who cultivate many
microplots spend more time traveling from one plot to another
and are less able to create economies of scale in inputs and
labor in a single plot. On the other hand, farmers with several
microplots could potentially benefit from variation in the pro-
vision of ecosystem services and resilience of the productive
system, allowing them to cope better with extreme events.
Access to markets, technical assistance and social capital
were measured by variables indicating whether the household
sold maize and beans, sold other agricultural outputs, received
the visit of an agronomist in the last 2 years, and whether the
household head participated in an organization. These access
1 We also used a system of two linear equations with seemingly unrelated
errors (SUR) as a robustness check, with no relevant change in our findings.
2 As a robustness check, we also ran an ordinary least square estimation, with
no relevant change in our findings..
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factors have been identified as relevant determinants of food
insecurity in other regions (e.g., Mango et al. 2014; Kakota
et al. 2015; Velazco and Ballester 2015).We also included one
factor indicating whether the extreme event experienced for
the household was caused by excess of rain or drought.
Finally, we included landscape fixed effects to remove any
landscape-specific effects from our results.
We also analyzed the coping strategies used by households
experiencing episodic food shortages by asking whether they
had adjusted the amount of food consumed or their diets, or
had resorted to using savings, selling livestock or working off
farm to cope with food insecurity. We used a proportion test
(StataCorp 2011) to compare the use of these coping strategies
by different groups. Specifically, we explored if the strategies
selected to cope with food insecurity were different depending
on whether households were affected by an event of excessive
rain versus a period of drought. Lastly, we compared the cop-
ing strategies used by households experiencing both recurrent
and episodic food insecurity to the coping strategies used by
those households that only experienced episodic food short-
ages. The proportion test allowed us to explore whether the
proportion of households with a given characteristic was the
same across these two groups.
Results
Characteristics of smallholder farmers and farms
Across the four landscapes, smallholder maize and bean
farmers had fairly similar socioeconomic profiles (Table 3).
Most of the farmers interviewed (71.8%) were men. The av-
erage age of household heads was 47.8 years, and the mean
household size was 5.4 members. The household head gener-
ally had low education levels (mean of 3.6 years of education),
but 37.8% of households had at least one member with tech-
nical education. Farmers had limited access to technical sup-
port (only 12.8% had been visited by an agronomist in the past
2 years) and few assets. Among farmers, 16.2% of the house-
holds had at least one family member working off-farm, and
25.3% had a family member who had permanently migrated
to obtain employment (Table 3).
Table 2 Potential determinants of food insecurity among smallholder farmers in four agricultural landscapes in Central America
Guatemala Honduras
Acatenango Chiquimula Choluteca Yoro Total
Households 78 101 151 109 439
Factor Mean SD Mean SD Mean SD Mean SD Mean SD
Sociodemograpic factors
Gender (1 = head is female) Percent 28.21 26.73 29.14 28.44 28.25
Age (years) Average 46.92 14.13 45.31 13.95 49.81 16.11 47.94 14.77 47.79 15.01
Household size (quantity) Average 5.53 2.61 5.03 2.16 5.46 2.37 5.66 2.27 5.42 2.34
Head education (years) Average 3.40 3.2 3.53 3.28 3.61 2.83 3.78 3.15 3.60 3.08
Another HH member technical education Percent 30.77 34.65 45.03 35.78 37.81
Household member working off farm Percent 32.05 17.82 10.60 11.01 16.17
Permanent migrant Percent 10.26 12.87 34.43 34.86 25.28
Remmitances are important (1 = important) Percent 0.00 16.67 4.44 12.50 7.79
Ownership of assets
Land size (ha) Average 1.23 1.32 1.27 0.96 2.51 2.47 2.82 3.70 2.07 2.54
Farmers working on microplots Percent 84.62 83.17 54.97 57.80 67.43
Microplot indicator (quantity) Average 1.92 0.92 1.54 0.80 1.24 0.43 1.38 0.55 1.51 0.74
Owning land Percent 44.87 36.63 44.37 60.55 46.70
Owning livestock Percent 12.82 22.77 37.75 44.04 31.44
Owning vehicle Percent 20.51 22.77 15.89 18.35 18.91
Access to markets, tech assist., social capital
Selling maize and beans Percent 26.92 29.7 35.1 25.69 30.07
Sell or exchange other agr. outputs Percent 79.49 38.61 69.54 62.39 62.41
Visited by agronomist Percent 16.67 4.95 13.25 16.51 12.76
Participating in organization Percent 16.83 23.76 37.75 50.46 34.02
SD standard deviation, HH household
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In general, farmers had access to small and dispersed plots,
with mean farm areas of 2.1 ha, and 43.1% of farmers having
less than 2 ha. Across the four landscapes, 46.7% of farmers
owned all the land they cultivate; the remainder either rented
some of their land, shared land, and/or used communal land.
All households producedmaize and beans for home consump-
tion, but only 30% sold maize or beans regularly. Most
farmers (62.4%) sold or exchanged other agricultural outputs
(such as honey, vegetable, firewood, and fruits) and many
(31%) also owned livestock.
Food insecurity levels among smallholder farmers
Both recurrent and episodic food insecurity following extreme
weather events were common among smallholder farmers
(Table 3). Of the 439 households, 67.7% reported having ex-
perienced some form of food insecurity (either recurrent, ep-
isodic, or both). Across the four landscapes, 32% of house-
holds were not affected by food insecurity of any kind.
Households experiencing only recurrent food insecurity made
up 32% of the sample. Twelve percent of households had only
experienced episodic food insecurity. The final 24% of house-
holds had experienced both types of food insecurity. On aver-
age, farmers experienced recurrent food insecurity during
3 months per year, mainly in June, July, and August (Fig. 1).
The proportion of households experiencing recurrent food
shortages was greater in the Honduran landscapes (proportion
test, p = 0.0009), but the number of months with food short-
ages was higher in Guatemalan landscapes (t test, p = 0.0072).
Of the 439 households surveyed, 70.2% mentioned
drought as the most harmful event, and 52.9% of these house-
holds experienced food shortages as a result of the drought.
The remaining 29.8% reported excessive rainfall (hurricane,
flooding, or torrential rainfall) as the most harmful event dur-
ing the last 10 years, and of these families, 35.9% reported that
the excessive rainfall event had caused them to become food
insecure. The duration of food shortages after an extreme
event varied among landscapes and type of event (Table 3).
Similar to the incidence of regular food shortages, episodic
weather-driven food shortages affected a higher proportion
of households in the Honduran landscapes than in the
Guatemalan landscapes (55% versus 26%), but impacted the
Guatemalan households for longer periods than the Honduran
households (7.7 weeks versus 4.6 weeks in average), irrespec-
tive of whether the food insecurity was triggered by drought or
excessive rainfall.
Factors affecting food insecurity
The factors affecting food insecurity were different for recur-
rent versus episodic food insecurity, but, as expected, the
probability of households experiencing recurrent food short-
ages was correlated with that of experiencing episodic
shortages following an extreme weather event. We run a
Wald test of correlation of errors in the biprobit estimations
(with Ho: ρ = 0, Wald test = 7.645 and p value = 0.006), and
the null hypothesis of no correlation is rejected.
Factors affecting recurrent food insecurity (columns 1 and
2, Table 4) included the age of the household head, household
size, whether the household had a family member with tech-
nical education, land and vehicle ownership. The age of the
household head had a negative coefficient, meaning that
households with older heads were less likely to suffer recur-
rent spells of hunger than households with younger heads. The
probability of experiencing recurrent food shortages was sig-
nificantly greater for bigger households than for smaller
households. If at least one member of the household had a
technical education, the probability of suffering recurrent food
insecurity was lower than if the households did not havemem-
bers with a technical education. Households that owned their
land had a lower probability of experiencing recurrent food
shortages than those without this asset. Interestingly, the gen-
der of the household head, years of education, off-farm labor,
land size and vehicle ownership did not significantly explain
recurrent food insecurity. Similarly, neither technical assis-
tance nor participating in an organization affected recurrent
food insecurity.
A different set of factors was related to the probability of
experiencing episodes of food insecurity following an extreme
weather event (columns 3 and 4, Table 4). The probability of
experiencing episodic food insecurity was greater for house-
holds that had a family member who had migrated permanent-
ly and for those having many microplots, i.e., those whose
land was more segregated into smaller, non-adjacent plots.
In contrast, the probability of experiencing episodic food
shortages was lower in households owning a vehicle and in
female-headed households.
Through a probit model, we identified the factors that de-
termine the probability of a household experiencing both
types of food insecurity (Table 5). The probability of house-
holds suffering both recurrent and episodic food insecurity
was lower for households with more educated heads, and for
households with a member deriving income from off-farm
labor. Similarly, those households owning a vehicle and par-
ticipating in the market were less likely to suffer from both
types of food insecurity. The microplot indicator was also a
significant determinant of vulnerability: farmers with smaller,
non-adjacent plots weremore susceptible to both types of food
insecurity than those who own at least one single plot larger
than 2 ha.
Coping strategies
Smallholder farmers used various strategies to cope with epi-
sodic food shortages (Table 6). Of the 156 farmers who expe-
rienced episodic food shortages, the most common strategy to
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cope with food shortages was to decrease the quantity of food
per serving or reduce the number of meals per day (“decreas-
ing food intake” reported by 61.5% of farmers). Another strat-
egy used by 36.9% of the farmers was to change the compo-
sition of their meals, for instance by removing meat from their
diets. Other farmers (17.9%) used their savings, sought work
outside of their farm (15.4%) or sold assets or livestock
(10.3%) to buy food. On average, farmers used a mean of
1.7 coping strategies following extreme weather events.
The strategies that farmers used to copewith extremeweather
events were similar for both households affected by drought and
by excessive rainfall events, except for changing diets, which
was more frequent in the case of drought (Table 6, panel A). In
addition, farmers facing food insecurity following drought
tended to use more coping strategies than those facing food
insecurity following excessive rainfall events (1.8 versus 1.5
strategies, on average (p = 0.011)). These results are partially
explained by the fact that episodes of food insecurity resulting
from drought were generally longer in duration (Table 3).
Households that experienced both regular and episodic
food shortages (Table 6, panel B, column 3) coped with food
insecurity by reducing food intake and changing diets in a
higher proportion than those that only faced episodic food
shortages (Table 6, panel B, column 2). As expected, house-
holds that experienced both regular and episodic food insecu-
rity applied more strategies (1.8 versus 1.6 on average (p =
0.046)) to cope with food shortages than those experiencing
only episodic weather-driven food insecurity.
Discussion
Prevalence of food insecurity among smallholder
farmers
Our results show very high rates of food insecurity among
smallholder maize and bean farmers in Honduras and
Guatemala, both on a recurrent basis and following extreme
weather events. Across the four landscapes, the incidence of
recurrent food insecurity was greatest in the months of June,
July and August. This pattern of food insecurity reflects the
seasonality of dry and rainy seasons and the associated agri-
cultural calendar (Imbach et al. 2017). June is the beginning of
the rainy season in Central America and is a time when many
households have exhausted their food reserves from the pre-
vious harvest and are just beginning to plant their new crops.
During this period, farmers are unable to work off-farm to
obtain income to buy food as they need to tend their own
crops, and yet their harvests are still months away (Bacon
et al. 2017).
While our study is based on self-reporting of food insecu-
rity and, like all such studies, is subjective and could poten-
tially overreport the severity of the issue (Maxwell et al.
2008), other studies have also noted high levels of food inse-
curity among rural populations in Central America. For exam-
ple, Morris et al. (2013) reported that 97% of smallholder
coffee farmers in El Salvador depleted their maize and bean
reserves during the lean months of June–September. In
Table 3 Characterization of the type and duration of food insecurity experienced by smallholder farmers in Central America
Guatemala Honduras Total
Acatenango Chiquimula Choluteca Yoro
Households 78 101 151 109 439
Type of food insecurity experienced (%)
Recurrent food insecurity only 23.08 34.65 32.45 35.78 32.12
Episodic food insecurity only 12.82 9.9 13.91 10.09 11.85
Both recurrent and episodic 15.38 18.81 29.8 25.69 23.69
None 48.72 36.63 23.84 28.44 32.35
Mean SD Mean SD Mean SD Mean SD Mean SD
Duration of food insecurity
Households affected by recurrent food insecurity 30 54 94 67 245
Number of months with food shortages 3.83 1.91 3.02 1.42 2.8 1.64 2.81 1.18 2.98 1.55
Households affected by episodic food insecurity 22 29 66 39 156
Number of weeks of food insecurity following droughta 8.94 7.71 3.97 4.19 6.15 4.67 5.85 5.7
Number of weeks of food insecurity following excessive rainfall events 6.45 9.89 6.83 8.47 4 2.83 5.33 3.77 6.13 8.2
Number of weeks of food insecurity following any type of extreme
weather event (e.g., droughts and excessive rainfall data together)
6.45 9.89 8.42 7.77 3.97 4.09 5.9 4.36 5.95 6.66
a In Acatenango, drought was not mentioned as the most harmful event; consequently, there are not answers about food insecurity related to drought in
this landscape
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Nicaragua, smallholder coffee farmers face food shortages for
an average of 3 months per year (Bacon et al. 2017). A study
in the Western Highlands of Guatemala found that almost
80% of smallholder maize farmers had suffered food insecu-
rity at least once during the last decade (Milan and Ruano
2014) and a study of food security in the Central American
Dry Corridor reported that 47% of families were food-
insecure (WFP 2015). Our study corroborates these high rates
food insecurity (varying from 38.5% to 62.3% in the study
landscapes, based on Table 3) and provides novel information
on the factors associated with these rates.
In addition to facing seasonal food shortages, many farmers
are also vulnerable to the threat of episodic food insecurity as a
result of extreme weather events, such as droughts and ex-
treme rainfall events. Studies in other regions (e.g., Keil
et al. 2008; Harvey et al. 2014; Velazco and Ballester 2015)
have similarly reported significant impacts of extremeweather
events on smallholder farmer food insecurity. The high vul-
nerability of Central American smallholder farmers to extreme
weather events is due to a combination of multiple, interacting
factors, including high poverty rates, marginal lands, low ag-
ricultural production, limited access to technical support and
information, poor access to capital and credit, few employ-
ment options, and low adaptive capacity (WFP 2015;
Holland et al. 2017). The high incidence of episodic food
insecurity following droughts and extreme rainfall events is
particularly worrying for two reasons. First, the region is ex-
pected to get drier in future years (Imbach et al. 2012, 2015),
and to be subjected to more frequent droughts, more intense
hurricanes and other extreme weather events (IPCC 2012).
Second, smallholder farmers in the region are already
reporting that climate change is reducing their maize
yields and increasing their food insecurity (Harvey
et al. 2018).
Determinants of recurrent versus episodic food
insecurity among smallholder farmers
Our study provides interesting information on the determi-
nants of both recurrent and episodic food insecurity of small
subsistence farming communities in Central America. In our
study landscapes, food insecurity among smallholder maize
and bean farmers was influenced by a combination of
sociodemographic factors and asset ownership. Key
sociodemographic factors included the age, gender and edu-
cation level of the household head, family size, having a fam-
ily member working off farm, having a family member with a
technical education, and having a family member who had
migrated to another region, while factors related to asset own-
ership included owning land, the number of microplots
farmed, and owning a vehicle. In the following paragraphs,
we describe our findings for both recurrent and episodic food
insecurity, focusing on the observed differences between the
two situations.
Like other studies (e.g., Gbetibouou 2009), the age of the
household head played a significant role in determining
household recurrent food security in our landscapes, with fam-
ilies headed by older farmers being less likely to experience
recurrent food shortages than younger farmers. Older farmers
have more experience farming and managing their food sup-
plies than younger farmers and may therefore be better able to
plan for the lean months when food supplies run low.
However, interestingly, age was not a relevant determinant
of episodic food shortages as a result of an extreme event,
implying age does not play a significant role in coping with
short-term crisis. Efforts to enhance food security among rural
communities may therefore benefit by providing support to
younger, less experienced farmers, and by encouraging
knowledge transition from older to younger farmers.
On the other hand, if a crisis ensues after an extreme
weather even, age of the household head should not be
considered a relevant criteria for providing short-term
alleviation of food insecurity.
Households with more mouths to feed were more likely to
report experiencing recurrent food shortages than smaller
households. Studies of food insecurity in other developing
countries (e.g., Nigeria (Idrisa et al. 2008) and Malawi
(Kakota et al. 2015)) have similarly shown that larger families
are more prone to suffer food insecurity, due to the need to
provide food for more family members. In our landscapes, the
small size of the farms (mean of 2.1 ha) and the limited off-
farm employment opportunities (only 16% of households had
a family member working outside the farm) make it very dif-
ficult for larger families to secure enough food or money to
buy food for their families throughout the year. However,
family size does not appear to affect food insecurity following
extreme weather events: extreme events seem to affect house-
holds equally irrespective of their size.
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Fig. 1 Monthly distribution of recurrent food insecurity among
smallholder farmers: percent of households suffering recurrent food
insecurity by month in the four Central American landscapes
(Acatenango n = 30 farmers, Chiquimula n = 54 farmers, Choluteca n =
94 farmers, Yoro n = 67 farmers)
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Human capital is a productive asset that accumulates slow-
ly over time. Our results show that households with at least
one member having a technical education were less
likely to experience recurrent food shortages than those
lacking this education. Our results are similar to other
studies (e.g., Maxwell et al. 2008; Davis et al. 2010;
WFP 2017) that highlight the positive role of technical
education in improving household food security and facilitat-
ing the implementation of on-farm adaptation measures (e.g.,
Morris et al. 2013), and suggest that investments in technical
education should form a component of any agricultural poli-
cies or programs targeting improved food security.
Asset ownership has been mentioned in the literature as an
important determinant of household’s food security. In the
landscapes studied, households that owned their land had a
lower probability of experiencing recurrent food shortages
than those households who did not own the land they
cultivate. Having formal property rights allows households
to adopt longer-term planning horizons and make more ambi-
tious long-term investments in their land (such as the
use of cover crops or agroforestry systems), thereby
reducing their vulnerability (e.g., Harvey et al. 2014;
Milan and Ruano 2014). Indeed, in our study areas,
farmers who owned their land were more likely to have im-
plemented agricultural practices that yield long-term benefits
and enhance farm sustainability (Harvey et al. 2017). Another
benefit of owning land is that it enables farmers to access to
credits and incentives (CEPAL, FAO, IICA 2014) which can
be used to improve farm productivity. All this surely contrib-
utes to reduced vulnerability to recurrent food insecurity. Still,
it is important to note that owing your land is not a significant
determinant of episodic food insecurity, i.e., owning your land
does not exempt you from exposure to episodes of hunger as a
result of an extreme weather event.
Table 4 Estimation of factors related to recurrent and episodic food insecurity in selected landscapes (biprobit estimation)
Recurrent food insecurity Episodic food insecurity
Coef. P value Coef. P value
Sociodemograpic factors
Gender (1 = head is female) 0.084 0.573 − 0.319 0.037 **
Age (years) − 0.009 0.080 * − 0.002 0.702
Household (HH) size (quantity) 0.068 0.034 ** 0.025 0.403
Education of HH head (years) − 0.031 0.186 − 0.031 0.175
HH member technical education (1 = at least one member) − 0.286 0.042 ** 0.110 0.433
HH member working off farm (1 = at least one member) − 0.276 0.146 − 0.276 0.151
Permanent migrant (1 = having) 0.088 0.669 0.381 0.070 **
Remmitances are important (1 = important) 0.307 0.238 − 0.130 0.614
Ownership of assets
Land size (ha) − 0.017 0.601 0.041 0.209
Microplot indicator (quantity) 0.056 0.505 0.187 0.025 **
Land ownership (1 = all plots are owned) − 0.328 0.017 ** − 0.022 0.873
Owning livestock (1 = owning) 0.029 0.848 0.024 0.880
Owning vehicle (1 = owning) − 0.269 0.122 − 0.397 0.035 **
Access to markets, tech assist., social capital
Sell maize and beans (1 = selling) − 0.054 0.703 0.214 0.128
Sell or exchange other agriculture outputs (1 = sell/exchange) − 0.055 0.705 − 0.180 0.214
Visited by agronomist in last 2 years (1 = visited) 0.189 0.331 − 0.098 0.628
Participating in organization (1 = participating) 0.008 0.954 0.002 0.987
Type of event
Event related to excessive rainfall 0.225 0.213
Constant 0.087 0.837 − 0.810 0.075 *
Fixed effects of landscape Yes
Observations 437
Wald χ2(41) 84.610 0.000 ***
HH household, Coef coefficient
*, **, and *** indicate 10%, 5%, and 1% level of significance, respectively
   22 Page 10 of 16 Reg Environ Change           (2020) 20:22 
Focusing on the factors that significantly explain the prob-
ability of suffering hunger after an extreme event, we do find a
different set of factors than for recurrent food insecurity.
Female-headed households had lower probabilities of
experiencing food shortages after an extreme event than
male-headed households, whereas no such effect was found
for recurrent food insecurity. This finding is similar to results
from Bangladesh (Mallick and Rafi 2010), but contrary to
those from Panama (Fuwa 2000), Kenya (Kassie et al. 2014)
and Malawi (Kassie et al. 2015). It is possible that female-
headed households were less likely to experience food inse-
curity when extreme weather hits because women are usually
in charge of preparing meals for their families and are, there-
fore, more likely to plan more carefully for extreme weather
events or take immediate action to cope with any food short-
ages arising from such events (Goh 2012; Jost et al. 2016).
However, more studies are needed to better understand the
gender dimensions of household food security and how agri-
cultural development programs and adaptation strategies can
more effectively support food security within female-headed
households in Central America and elsewhere (Jost et al.
2016).
Migration was also clearly linked to episodic food security.
In our study sites, we found that households with a permanent
migrant had higher probability of experiencing episodic food
shortages after a climatic shock than households without mi-
grants, but did not differ in terms of recurrent food insecurity.
In other words, permanent migration did make the household
more vulnerable to climatic shocks. The fact that households
with permanent migrants were more vulnerable to episodic
food insecurity may be due to the reduced family labor avail-
able to work off-farm, replant crops or rebuild farm infrastruc-
ture following extreme weather events. A recent study in the
Dry Corridor of Central America (World Food Programme
(WFP) 2017) similarly highlighted the link between emigra-
tion and household food security, noting that in many places
emigration reduced the available work force for agricultural
activities, resulting in increased food insecurity and greater
Table 5 Factors associated with
experiencing both types of food
insecurity among smallholder
farmers in selected landscapes
(probit). Dependent variable is
equal to 1 if household
experienced both types of food
insecurity, 0 otherwise
Experiencing both types of food shortages
Coef. P value
Sociodemograpic factors
Gender (1 = head is female) − 0.247 0.136
Age (years) − 0.007 0.204
Household (HH) size (quantity) 0.028 0.371
Education of HH head (years) − 0.059 0.017 **
HH member technical education (1 = at least one member) 0.010 0.944
HH member working off farm (1 = at least one member) − 0.535 0.021 **
Permanent migrant (1 = having) 0.302 0.185
Remmitances are important (1 = important) 0.053 0.848
Ownership of assets
Land size (ha) 0.035 0.285
Microplot indicator (quantity) 0.181 0.043 **
Land ownership (1 = all plots are owned) − 0.089 0.551
Owning livestock (1 = owning) 0.114 0.518
Owning vehicle (1 = owning) − 0.360 0.085 *
Access to markets, tech assist., social capital
Sell maize and beans (1 = selling) 0.068 0.656
Sell or exchange other agriculture outputs (1 = sell/exchange) − 0.300 0.052 *
Visited by agronomist in last 2 years (1 = visited) 0.321 0.117
Participating in organization (1 = participating) − 0.068 0.656
Constant − 0.598 0.191
Fixed effects of landscape Yes
Observations 434
χ 36.040 0.015 ***
Robust standard deviations are used
HH household, Coef coefficient
*, **, and *** indicate 10%, 5%, and 1% level of significance, respectively
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poverty among rural families. Remittances from permanent
migrants could potentially offset these negative impacts of lost
family labor (Rozelle et al. 1999), but in our study landscapes,
this does not appear to be the case. The increased vulnerability
of households with permanent migrants to extreme weather
events is alarming, given both the increasing rates of migra-
tion from Central America (World Food Programme (WFP)
2017) and the projections for extreme weather events to in-
crease under climate change.
The quality of land holdings also played a role in determin-
ing episodic food security. In our landscapes, farmers fre-
quently cultivate several plots that are often separated by sev-
eral kilometers. This could be positive from an adaptation
perspective, if having several microplots implies diversifying
the exposure to external shocks. On the other hand, it could be
negative if the small size of the plots inhibits the farmer from
reaching an efficient scale of production and results in more
costly production. In our study sites, the latter appears to be
the case, as having more microplots increased the probability
of experiencing episodic food shortages.
The final factor affecting episodic food insecurity is own-
ership of a vehicle. Of the farmers surveyed, 19% owned a
vehicle (car or motorbike). Ownership of a vehicle did not
affect whether or not the household suffered from recurrent
food insecurity, but did significantly decrease the probability
of experiencing episodic food shortages following extreme
weather events. These results suggest that farmers with vehi-
cles may have an easier time getting their products to market,
buying food supplies from nearby towns, and/or pursuing off-
farm labor opportunities which can provide them with the
income needed to purchase food, when none is available lo-
cally. Our results show that owing a vehicle does not exempt
household from suffering from recurrent food insecurity, but it
surely comes in handy in case of extreme weather events.
Factors affecting food insecurity among the most
vulnerable farmers
In our study landscapes, a significant proportion of farmers
(15–30% per landscape) were vulnerable to both recurrent and
episodic food shortages following extreme weather events.
Our analysis (Table 5) reveals the factors that affect the prob-
ability of belonging to the most vulnerable group in our
sample.
Although education plays no significant role in explaining
recurrent or episodic food insecurity separately, we find that
Table 6 Comparative analysis of coping strategies used by households affected by episodic food shortages (percentages and number of
strategies used).
Panel A: Comparison of strategies used by households affected by drought versus an event of excessive rain.
All HH Drought Excess. rain Difference P value
Observations 156 113 43
Strategy
Decrease food intake 61.5 64.6 53.5 11.1 0.101
Change diet 35.9 39.8 25.6 14.2 0.049 **
Using savings 17.9 20.4 11.6 8.7 0.102
Working off-farm 15.4 14.2 18.6 − 4.4 0.246
Selling assets or livestock 10.3 11.5 7.0 4.5 0.203
Number of coping strategies used (mean) 1.7 1.8 1.5 0.4 0.011 **
Panel B: Comparison of strategies used by households facing only episodic versus both types of food insecurity.
All HH Only episodic Both Difference P value
Observations 156 52 104
Strategy
Decrease food intake 61.5 53.8 65.4 − 11.5 0.081 *
Change diet 35.9 23.1 42.3 − 19.2 0.009 ***
Using savings 17.9 23.1 15.4 7.7 0.119
Working off-farm 15.4 13.5 16.3 − 2.9 0.318
Selling assets or livestock 10.3 9.6 10.6 − 1.0 0.426
Number of coping strategies used (mean) 1.7 1.6 1.8 − 0.3 0.046 **
Excess. rain event of excessive rainfall (hurricane, heavy rains, or flood), HH households
*, **, and *** indicate 10%, 5%, and 1% level of significance, respectively
Panel A compares strategies used by households affected by drought versus excessive rainfall. Panel B compares strategies used by households that only
faced episodic food insecurity, versus those experiencing both episodic and recurrent food insecurity. Only coping strategies used by at least 10% of the
household are considered in the analysis
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the education level of the household head was a significant
factor in explaining the overall vulnerability of a household,
with more educated household heads being less likely to have
suffered from both recurrent and episodic food insecurity in
the last 10 years, compared to those with less educated house-
hold heads.
A similar pattern arises from the combined interpretation
of Tables 4 and 5 when it comes to off-farm labor. Although
off-farm labor was not a significant determinant of episodic
or recurrent food insecurity individually (Table 4), it did de-
termine whether a family is part of the most extremely vul-
nerable group in our sample. Families who had a member
(other than the household head) working off-farm were less
likely to experience both recurrent and episodic food insecu-
rity than those without household members working off-farm,
showing the importance of having a source of off-farm em-
ployment. The importance of off-farm jobs in providing in-
come and securing the food security of subsistence farmers
has also been noted elsewhere (Babatunde et al. 2010;
Nyikahadzoi et al. 2012; Velazco and Ballester 2015). In a
similar line, those farmers who regularly interact with the
market economy, be it selling or exchanging some of their
agricultural produce, were significantly less likely to be af-
fected by both types of food insecurity. This is an important
finding, as it shows the importance of the market economy
even in landscapes that are strongly dominated by subsistence
agriculture.
Finally, two other factors already discussed above were
important in affecting the probability of belonging to the most
vulnerable group in our sample: the microplot indicator and
ownership of a vehicle. The significance of microplot indica-
tor in both explaining episodic food insecurity and the proba-
bility of suffering from both episodic and recurrent food inse-
curity tells a compelling story of the hardship faced by farm-
ing household who have to divide their time and effort be-
tween small, and distant plots of land. Owning a vehicle is a
luxury in the studied landscapes, so it comes as no surprise to
find that farmers that own a vehicle are less likely to have
suffered from both types of food insecurity in the last 10 years
than those lacking a means of transportation.
Coping strategies used by smallholder farmers
While smallholder farmers used a variety of coping strategies
to address food shortages that results from extreme weather
events, many of these strategies are short-term solutions, and
can potentially undermine their ability to cope with future
shocks. Like smallholder farmers in other developing coun-
tries (e.g., Ramakrishna and Demeke 2002; Muche et al.
2014), many of the smallholder farmers reduced their food
intake and/or adjusted their diet when food was lacking.
Reducing food intake is a short-term solution that will be
unsustainable if extreme events become more frequent and
intense, as predicted (IPCC 2012). Reducing food intake is
often accompanied by changes in diet, such as the reduction
of meat intake and/or the increase in less nutritious or less
preferred food (WFP 2015), both of which could have
longer-term impacts on household nutrition (Lawson and
Kasirye 2013). In other studies of coping strategies, house-
holds used different means to obtain income, such as selling
livestock and looking for off-farm jobs (e.g., Campbell et al.
2011; Patnaik and Narayanan 2015), and resorting to aid from
kindship networks and government and non-government or-
ganizations (e.g., Kinsey et al. 1998). However, in our study,
savings, working off-farm and selling assets or livestock were
used infrequently. In addition, very few households (< 10%)
reported accessing food from government or non-government
organizations among their coping strategies, likely reflecting
the limited assistance available in rural areas across the region
(Harvey et al. 2018).
The use of coping strategies for food insecurity follow-
ing extreme weather events differed among households.
Farmers who experienced both recurrent and episodic food
insecurity are forced to reduce their food intake and change
their diet in higher proportion, because experiencing food
shortages on a recurrent basis undermines their capacity to
cope with the impacts of extreme weather events. Facing
drought, farmers tend to change their diet more than facing
excessive rain events. That could be related to the deple-
tion of staple foods associated with the longer duration of
drought events. The general reduction in food intake and
changes in diet likely results in households consuming less
nutritious food and could result in lower nutritional status
(FAO 2008). However, longer-term, longitudinal studies of
the farmer households (including detailed nutritional stud-
ies and health measurements) would be needed to under-
stand the long-term impacts of climate-induced food inse-
curity on household nutrition and health (Maxwell 1996;
Barrett 2010).
Conclusions and policy implications
Our study highlights the high prevalence of food insecurity
among smallholder subsistence farmers in Central America,
the negative impacts of extreme weather events on smallhold-
er farmer food security, and the limited number of coping
strategies used by smallholder farmers to cope with food
shortages. Our results point to the urgent need to develop
policies, programs and strategies that help smallholder farmers
improve their overall food insecurity (especially in the “lean”
months of June–August when food insecurity is a recurring
issue), as well as to increase their resilience to extreme weath-
er shocks.
Although farmers report a series of coping strategies to
address food shortages that result from extreme weather
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events, all of the strategies (with the exception of working off-
farm) are short-term, finite solutions. Simply put, there is only
so many savings a family can use or so much calorie intake
can be decreased, before the household has run out of options.
Furthermore, the main coping strategies reported by the fam-
ilies, for example decreasing food intake, using savings or
selling assets and livestock, actually undermine their ability
to cope with future shocks, in a setting in which most studies
coincide in predicting an increase in the number of extreme
hydrometeorological events.
Interestingly, we found that the set of factors explaining
recurrent food insecurity was not the same as those explaining
episodic food insecurity, with the former being more associ-
ated to long term factors, like age, size of the household, land
tenure and technical education, and the latter more associated
to short term availability of labor and capital to avoid the
crisis. This means that policies, programs and strategies to
improve food security of smallholder farmers need to be de-
signed as long-term strategies focusing on improving farmer
education, securing access to land, generating more off-farm
employment opportunities, and providing greater access to
technical support, and facilitating intergenerational knowl-
edge exchange, as means to reduce recurrent food insecurity.
Authorities should support households in the process of diver-
sifying their agricultural production systems, so that farmers
have a greater variety of food and income sources and
are less likely to become food insecure on a recurrent
basis, following an agricultural calendar that has possi-
bly not changed in many years.
All this needs to be combined with short-term strategies
that have immediate impacts after an extreme event hits the
region. Short-term actions to address food insecurity include
providing food, monetary, labor, or other support to farmers
during or after an extreme event, possibly involving the fe-
male heads of household in the distribution of aid. There is
also a need to improve preparedness and disaster relief plans,
implement preventive measures such as weather monitoring
and early warning systems, and ensure disaster relief efforts
provide emergency food supplies and support to farmers to
help them replant crops following extreme weather events.
Two key policy insights emerge when we focus on the most
vulnerable subgroup in our sample, namely those households
who experience recurrent food shortages, and that also have ex-
perienced episodes of hunger after an extreme event. First, access
to off-farm labor and to selling agricultural produce in the market
significantly decreases the probability of both types of food in-
security. The creation of markets and the provision of simple
conditions for markets to work are policy instruments in the
hands of donors and decision-makers. Farmers will require tech-
nical support and access to better inputs (e.g., financial, agro-
chemicals, improved varieties (see Harvey et al. (2018) for a full
list) in order to participate in those markets, but governments and
donors can also play a strong role there.
Second, having multiple, scattered small plots puts a heavy
burden on the farmer’s resources that can potentially be viable on
a day to day basis, but that can go awfully wrong when condi-
tions get harder. This information should be valuable for land
tenure reform programs, and technical assistance programs, that
should attempt to provide a scale of production that makes the
farmer more capable of reaching economies of scale for different
crops, and hence less vulnerable to extreme weather conditions.
As a whole, our results show that Central American house-
holds are highly vulnerable to food insecurity on a recurrent
basis, and even more so after an extreme event. Although
experts predict an increase in the number and intensity of
extreme events, small scale farmers in the region still rely on
ineffective and unsustainable preventive and/or coping strate-
gies. Our study identifies a series of concrete policy levers
available for donors and decision makers, and with recurrent
food insecurity already affecting 32% of the sampled house-
holds, the need for immediate action, even before climatic
predictions become a reality, is obvious.
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